Raptors are wide-ranging, vagile avian predators whose populations can be difficult and costly to monitor on their breeding or winter range. However, monitoring raptors during their annual northbound or southbound migration is a cost-effective and efficient alternative to time-intensive, single-species breeding surveys. In 2010, we observed numerous Swainson's Hawks (Buteo swainsoni) and Red-tailed Hawks (Buteo jamaicensis) migrating through the Hayden Valley in central Yellowstone National Park, prompting an investigation into raptor migration patterns in the park. Our objectives were to monitor annual autumn raptor migration in Hayden Valley from 2011 to 2015 and to determine the relative role of this undocumented migration site by comparing our observations to simultaneously collected migration data from three other sites in the Rocky Mountain Flyway. From 2011 to 2015, we observed 6441 raptors of 17 species across 170 d and 907 h of observation. Red-tailed Hawks, Swainson's Hawks, and Golden Eagles (Aquila chrysaetos) accounted for 51% of the total individuals observed over five years. Overall counts from Hayden Valley were comparable to counts from the three migration sites in the Rocky Mountains, although abundance of individual species varied by site. Data from this study suggest that Hayden Valley may serve as a stopover site for migrating raptors and presents an opportunity for future research. By improving our understanding of where raptors migrate and the characteristics of stopover areas in the Rocky Mountains, land managers may develop effective strategies for protecting raptor populations and habitat from threats including development and climate change.
Introduction
Raptors are wide-ranging, vagile avian predators whose populations are difficult and costly to monitor us ing time-intensive, single-species surveys on their breeding or wintering grounds. However, as raptors concentrate along mountainous ridgelines during their annual northbound or southbound migration, counts of multiple raptor populations can be conducted simultaneously by relatively few personnel. Thus, migration offers a unique opportunity to assess raptor populations in a relatively efficient and cost-effective manner (Bildstein et al. 2007 ). Each year, millions of raptors migrate from their breeding areas to wintering grounds following traditional migratory pathways throughout North America (McCarty and Bilstein 2005) . Along these corridors, observers have identified hundreds, or even thousands, of raptors across multiple species in individual seasons (Hoffman and Smith 2003; Lott 2006) . Over time, these data have been used to detect trends in populations of individual species (Farmer et al. 2007; Bildstein et al. 2008) , determine changes in the timing of migration (Jaffré et al. 2013) , and identify important migratory pathways (Bedrosian et al. 2015) .
Migration requires raptors to navigate long-distances through potentially risky terrain (e.g., wind farms; Johnston et al. 2013) and locate stopover areas with reliable sources of prey (Pocewicz et al. 2013; Vardanis et al. 2016) . Many raptors migrate across international and even continental boundaries (Kochert et al. 2011) . For example, Swainson's Hawks (Buteo swainsoni) have one of the longest migration routes of any raptor in the world (Fuller et al. 1998; Bechard et al. 2010; Kochert et al. 2011) . Each year tens of thousands of Swainson's Hawks leave their breeding grounds in westcentral North America for wintering areas in the open grasslands or pampas of Argentina in South America, a roundtrip of over 20 000 km (Bechard et al. 2010; Kochert et al. 2011) . Even short-distance migrants such as Golden Eagle (Aquila chrysaetos) and Rough-legged Hawk (Buteo lagopus) cross international boundaries from breeding areas in Alaska and Canada to wintering grounds throughout the western United States and Mexico (Bechard and Swem 2002; McIntyre et al. 2008) .
In 2010, we observed a large number of Swainson's Hawks and Red-tailed Hawks (Buteo jamaicensis) migrating through Hayden Valley in central Yellowstone National Park (YNP), prompting further interest in local migration patterns. While much is known about the migratory paths of raptors in the eastern USA (McCarty and Bildstein 2005) , comparatively little is known about the migratory paths and stopover areas of raptors that use the Rocky Mountain Flyway (Hoffman and Smith 2003; Bedrosian et al. 2015; Craighead et al. 2016) . The complex topography of the Rocky Mountains results in a broad migratory front as raptors are dispersed along competing ridgelines, making it difficult to assess migration patterns in this area (Fuller et al. 1998; Lott and Smith 2006; Craighead et al. 2016) . Thus, we were broadly interested in both contributing to the general knowledge of autumn raptor migration within the Rocky Mountain Flyway and determining the particular importance, if any, of YNP to migrating raptors. In this study, our objectives were to 1) monitor the annual autumn raptor migration in Hayden Valley in central YNP from 2011 to 2015 and 2) learn how spe cies diversity and the timing of autumn migration at this previously undocumented migration site compared with data collected during the same period at three additional migration sites in the Rocky Mountain Flyway.
Study Area
We monitored raptor migration in the Hayden Valley of central YNP, Wyoming, USA (Figure 1) dominates the uplands (Despain 1990) . Climate in the region is characterized by short summers with an average temperature of 11.8°C during July and long cold winters with an average temperature of −10.8°C in December (Crait and Ben-David 2006) . The region receives an average of 513 mm of annual precipitation, most of which falls as snow during the winter (Crait and Ben-David 2006) .
Hayden Valley is a low-lying sagebrush steppe grassland bounded to the north by the east-west trending Washburn Range and by large forested plateaus on either side of the valley (Despain 1990) . As many migration observation sites are located along mountain peaks and ridgelines (Hoffman and Smith 2003) , Hayden Valley is distinctly atypical. Raptors migrating south through Hayden Valley in autumn must pass over the Washburn Range at a mean elevation of 2808 m before entering the valley. Although Hayden Valley may not provide the typical orographic uplift (lift provided by a steep elevational gradient such as the edge of a mountain range) that concentrates raptors at many migration observation sites, the river valley and surrounding topography may provide thermal lift as well as foraging opportunities that may appeal to migrating raptors (Bildstein et al. 2007 ). Thus, this site provides a unique and potentially valuable vantage point to monitor raptor migration in the western United States. 
Methods

Data Collection
We monitored raptors during their southbound migra tion during September and October 2011-2015. Al though the start and end dates varied by year, we generally began counts during the first week in September and continued through the third week in October. Beginning in late October, weather conditions in YNP generally prohibit travel throughout the southern portion of the park, including Hayden Valley. At the beginning of each autumn migration season, experienced counters trained observers in the field for a minimum of two weeks before observers were permitted to collect observation data on their own. Additionally, an experienced observer was present during counts at least three days per week and usually 4-5 days per week. We conducted counts a minimum of five days per week and observed for approximately 6 h per day, beginning at 1000 hours and ending at 1600 hours. Two to four primary observers conducted each daily count and dependent observers worked together to adequately cover the broad viewshed, avoid double-counting, and accurately identify raptors to species. On each count day, a single observer recorded all detections. We did not attempt to correct our observations for detectability. Occasionally additional observers joined the count efforts and the recorder noted this on the data sheet.
During each count, observers scanned the entire northern portion of the sky in a 180° arc and then scanned north in an up-and-down motion to cover the entire northern portion of the sky. Observers used 10×42 binoculars to detect raptors and a spotting scope with 20-60× magnification to identify individuals if necessary. We recorded all raptors observed moving past the site by species. Observers also scanned without optics, particularly when spotting raptors directly overhead or those close to the observation point. Observers recorded the start and end time of observation periods, which usually lasted the full day (6 h); however, occasional interruptions occurred as a result of weather (i.e., lightning, heavy rain, or snow) or wildlife (e.g., bears [Ursus spp.] 
or American Bison [Bison bison]
near the count site). Observers also recorded weather data using a Kestrel 2500 Weather Meter (Nielsen-Kellermen, Chester, Pennsylvania, USA) at the start and end of each observation period, in addition to hourly intervals throughout the day. We collected weather data including sky condition (cloud type and percent cover), average wind speed (km/h), maximum wind speed (km/h), wind direction (degrees), temperature (°C), barometric pressure (mmHg), and an estimate of overall visibility distance (km) from the count site. For each hour of observation, observers also noted the number of ob servers, total number of minutes of observation for that hour, and primary horizontal movement of raptors (i.e., east, west, or overhead). At the end of each count day we summed the totals over all hours of observation and across all species. We also calculated the observer effort for each count day (the number of observers multiplied by the number of survey hours).
Data Analysis
We summarized annual raptor counts and total observer effort (the sum of daily calculations of observer effort) for each study year. We also determined the average passage rate (the average number of raptors observed migrating over the count site per hour) for each of the five years and the average passage rate over the full time period. For species with more than 20 observations per year, we determined median and bulk passage dates over the five years. Bulk passage dates were defined as the range of dates between which the central 80% of the entire season's total for each species passed through the migration site (i.e., the first date is the date by which 10% of the season's cumulative sightings have been made and the last is the date by which 90% of the season's cumulative sightings have been made; Lott 2006) .
Finally, we compared our migration count totals to counts from three additional sites in the Rocky Mountain Flyway, monitored during the same time period. All sites, including Jewel Basin, MPG Ranch, and Bridger Mountains, were located in Montana, USA, northwest of the Hayden Valley site (Figure 1 ). The three sites met the following criteria: 1) autumn migration data were collected from 2011 to 2015, 2) standard count procedures were used to collect migration data, and 3) permission was granted to use the data for comparisons with our dataset from YNP. To control for differences in the number of hours of observation among sites, and to make our data comparable to previous assessments of western raptor migration patterns (Hoffman and Smith 2003) , we converted raptor observations to counts per 100 h of observation (raptors/100 observation hours = [total raptors counted/total hours of observation] × 100). We compared total raptor counts per 100 observation hours across all sites from 2011 to 2015 as well as counts per 100 h for ten of the most common species recorded at Hayden Valley.
Results
Observation Effort and Count Totals
We observed migrating raptors on a total of 170 d during September and October 2011-2015 with an average of 34 d per season (Table 1) . On average, we observed migrating raptors for 181 h per season with observer effort (hours × observers) averaging 490 h per season.
The Hayden Valley count site posed numerous challenges during the study period. In 2011, the area surrounding the count site was closed as a result of two fatal Grizzly Bear (Ursus arctos) attacks. Therefore, we conducted all observations in 2011 from an alternate count site located approximately 4 km north in Hayden Valley (Figure 1 ). This alternate site had a similar view to our standard count site; although a small portion of THE CANADIAN FIELD-NATURALIST Vol. 131 (Falco mexicanus) . Observers recorded the highest number of raptors in 2011 (n = 1846), most of which were Red-tailed Hawk, and the fewest in 2013 (n = 717).
Passage Rate and Timing
The average passage rate over the five years was 7 birds/h (Figure 2 ). During any given observation day, however, passage rate was lowest during the first hour of observation, peaked between 1100-1300 hours as air temperature increased, and thermals likely developed, and then tapered the rest of the day (Figure 2 ). Average passage rate was highest in 2011 (9.9 birds/h) and lowest in 2012 (4.8 birds/h).
Only seven species occurred with enough frequency to calculate average median and bulk passage dates (Table 3) . We excluded 2013 data from this analysis because there was a 20-day period during which no data were collected. The bulk of raptors (80%) migrated through Hayden Valley beginning in the first week in September through the third week in October. Although this roughly corresponds with our observation season, we saw a substantial decline in raptor observations by mid-October that suggests our season adequately captures the migration of most species through the study area. The bulk of Swainson's Hawks passed through the migration site during September. The bulk of Northern Harriers (Circus cyaneus), Red-tailed Hawks, Cooper's Hawks (Accipiter cooperii), and Sharp-shinned Hawks (Accipiter striatus) occurred from mid-September until mid-October. Golden Eagles and Rough-legged Hawks migrated primarily from early October through the end of our count period. Both Swainson's Hawks and Rough-legged Hawks exhibited the shortest duration of migration through Hayden Valley, while Sharp-shinned Hawks, Northern Harriers, and Red-tailed Hawks exhibited the longest migration through Hayden Valley.
Comparison to Other Migration Sites
Mean counts of raptors per 100 h of observation at Hayden Valley were comparable to counts per 100 h of observation at MPG Ranch and the Bridger Mountains, while Jewel Basin surpassed all three sites (Table  4) 
Discussion
We conducted autumn counts of migrating raptors from 2011 to 2015 in Hayden Valley, Yellowstone National Park. Hayden Valley is a broad grassland river valley, atypical among migration observation sites. Furthermore, as the first effort to evaluate raptor migration in Yellowstone, this study helps fill both a geographic and topographic gap in our knowledge of raptor migration in the western United States. Our observations, including 6441 individuals belonging to 17 raptor species, were consistent to those from other migration count sites within the Rocky Mountain Flyway.
Our observations of bulk passage date indicate that, while our observation season likely captured the majority of autumn raptor migration, we may have truncated observations for some species by ending our season in late October. Several species, notably Rough-legged Hawks and Golden Eagles, were still migrating in the third week in October when our counts ended and may continue their migration through early December (McIntyre et al. 2008) . Raptor observation in the southern portion of Yellowstone becomes logistically difficult after late October due to inclement weather and road closures. Additionally, both Rough-legged Hawks and Golden Eagles are residents in Yellowstone during the winter and it can be difficult to distinguish between migrants and residents in late autumn. However, extending the season into early November would be consistent with other autumn migration monitoring stations in the western United States (Hoffman and Smith 2003) . Thus, we recommend that, if migration observation continues in Hayden Valley, future counts should consider a longer observation season, when possible, to better capture the migration patterns of all species. A longer observation season, combined with a long term dataset, may also help capture climate change effects on the timing of migration. For example, on Lake Superior, along the northern United States border, long spring and autumn migration monitoring periods revealed that the median raptor migration date advanced in spring and was delayed in autumn, and that these effects were particularly strong for short-distance migrants including Bald Eagle, Northern Harrier, and Sharp-shinned Hawk (Buskirk 2012) .
During our study, a number of factors disrupted counts and resulted in inconsistent data collection methods. In 2011 and 2015, we were forced to count from an alternate site and, in 2012, fires reduced visibility and likely affected the overall count. In 2013, the United States government sequestration forced an early end to the season. Despite these factors, the number of raptors counted at Hayden Valley from the standard and alter-308 THE CANADIAN FIELD-NATURALIST Vol. 131 Golden Eagles rely more on orographic uplift during autumn migration than other raptors (Katzner et al. 2012) . Because the Bridger Mountain site and the Jewel Basin migration site are located on a peak along a ridgeline, these sites are likely to offer more orographic lift than the low-lying Hayden Valley where thermals are more likely to develop (Katzner et al. 2012) . Conversely, Red-tailed and Swainson's Hawks tend to rely more on thermal uplift (Preston and Beane 2009; Bechard et al. 2010) , which probably explains the large number of those species observed in Hayden Valley. More buteos were observed migrating through Hayden Valley compared with the other comparison sites, suggesting that Hayden Valley may provide unique features required for some raptors and counts here may better represent migration patterns for these species.
In 2011, we observed the highest total number of raptors during the five years of surveys. This was surprising considering the viewshed at the alternate site was partially blocked to the west. We suspect, however, that at least some of the Swainson's and Red-tailed Hawks observed during 2011 were counted more than once. At the standard count site during subsequent years, observers noticed that as some raptors entered the valley from the north, they then descended into the valley and began making wide circular flights while foraging. From the standard count site, it was easier for ob servers to notice this pattern because the site was set farther back in the valley and the viewshed was larger. In the future, we may improve upon our count estimates and better detect differences among observation sites by conducting more rigorous counting protocols or analyses (e.g., independent observers or calculating detection probabilities).
Although foraging raptors may have led to an overestimation of the number of individuals passing through Hayden Valley in 2011, it also suggests that Hayden Valley may provide key foraging opportunities and serve as a valuable stopover location for migrating raptors. Stopover areas are important for raptors to rest, forage and replenish fat reserves, and to complete molt (Kirby et al. 2008; Kochert et al. 2011; Pocewicz et al. 2013; Craighead et al. 2016; Vardanis et al. 2016) . Hayden Valley represents an undisturbed region within the Rocky Mountain Flyway in which raptors may recuperate after long flights. Although no formal studies have been conducted, observers witnessed numerous foraging events during most survey days, most commonly in the morning hours. Additionally, there appears to be an abundance of grasshoppers and other insects as well as a high small mammal population upon which Swainson's Hawks and other raptors may forage (Sherrod 1978; Schmutz et al. 1980; Johnson et al. 1987; Bednarz 1988; Woodbridge et al. 1995) .
Migratory birds spend much of their annual life cycle travelling between their breeding grounds and wintering ranges, and migration can incur a high cost (Kirby et al. 2008) . Mortality is six times greater during migration than during other times of the year, and time spent on migration accounts for half of all raptor mortality (Klaassen et al. 2014) . Understanding where individual species migrate and identifying vital stopover areas is essential for developing effective management strategies for vulnerable or declining raptor populations. The data collected in this study may provide a baseline for comparison with future raptor migration studies. We found that a large number of raptors migrate through Hayden Valley in YNP during autumn and future investigations should further evaluate this region's importance as a stopover location for raptors using the Rocky Mountain Flyway, especially Swainson's Hawks and other buteos. Additionally, further collaboration among regional partners and landowners may help elucidate trends in raptor migration patterns throughout the Rocky Mountain region, identify key habitats that support migrating raptors, and develop more effective raptor management plans in the face of a developing landscape and warming climate.
